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Abstract of JP1 0144974 
PROBLEM TO BE SOLVED: To provide a 
piezoelectric actuator that is a face 
deformation element for obtaining a sufficient 
generation force or a displacement, while 
operating at a low voltage and its 
manufacturing method. SOLUTION: A 
piezoelectric actuator 1 has an elastic plate 5 
that is a thin plate with spring elasticity, a 
piezoelectric plate 2 that is a thin plate made 
of a piezoelectric material being jointed onto 
the surface of the elastic plate 5, and a first 
electrode 31 and a second electrode 32 that 
are accommodated in a plurality of grooves 2a 
formed at the piezoelectric plate 2 with a gap 
that is equal to or less than the thickness of 
the piezoelectric plate 2 and are adjacent, 
while sandwiching a piezoelectric material. 
The piezoelectric actuator 1 can generate a 
sufficiently high electric field, even if an applied 
voltage is small, since the gap between both 
electrodes 31 and 32 is narrow and can utilize 
a piezoelectric constant d33 that is 
approximately two times larger than a 
piezoelectric constant d33 , so that it can 
achieve a larger occurrence force and the 
maximum displacement even at a low voltage. 
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[#ffn»*««ia] 
*ma» e> * ***■<?*> s j±h« i . 

ftlWi*sJ:tf$2W§£, &%-rz>Zb*Wmt1r 
[W*9 2 ] hUEIS l ««*5J:tfa&EJB 2 tttt$<&£ L w 

[W*"S3] tfjE^imffi*5j;r>'HufB^2«ii4 > gjE 
ffs«©J¥$*(Ri©Birtti:v^K:*HRji-5zooa[i©» 

[»*ig4] HuEigimffifcj;o ! HtiE^2mffitt, mm 

^^-*„ 

[§»*« 5 J HtESB 1 *«*} J: UtrtEfB 2 «ff fit. fitE 

h L T v ^ 5 J£tt© 5 h v »-f*i*»©JMft-eER $ ft 
[f»*96] «HaBEWRf4a«©EHK:e«)f>ii-CJ3 

1S1i*jJ;U J HtiE^2SffiSr^r-r5, 1 IBtt©£Em 

[W*9 7 ] ^#tt*«FO»|R-C*)5»«fe«©*iBt 

mx'mmomammm^mi-^mi&xut . 

Jf^XfSi:, 

Rffi 1 2 m«i ©WfciWtffSrBMiqL-C, t* 

Pifi* © IB t j** *i,T ^ 5 K£E«ft W Sr $ * S ^« 

*»t <t f atriH«Sr xa-c* 5 , ff *9 7 e®« 

H17 * ^ 3.3:- * ©SBt^jfe, 
[19*9 9] fluEttW^Jcxeii, cvd, 

?i«© 0 h^-rhMz-x v) . hues? 1 m«fc itraaaa* 

2«ffiS:JKfiSt+5XST?*)*. IS*97E«t©;£mT^ 

^ 1- 
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[0001] 
[0002] 

[«©&«] m&mivmmmTxhzimT??- 
3BE«tma» e> * 5 sews t » 

[0 0 0 3] ±E-^©m#:(-1BE^WJH$H-5i, 
2)IITl/± *jp $ Xf 1J0 fcSJMBffi ©Sff asBE«fiOJP $ * 

ifij^dt c . n^&fi i nm£» a 31 1 ©fjsicib^ LTff 

ho b-fZllZWk-tZ* 

[0 0 0 4] -mt LTffta= ; e/l'7P 1 ±if 
5 1 , El 1 2 fc^-f J; p I^JB««>n«tR#ttfi P 5 <D 
JHBfc/EWKP 2*5g#$ixT*5t), 12)13 (a) 

i-j: 5 wiEm« p 2 ©wiBt*ii-en««p 3 

Jxt v ^5. ±Ei^«fI P 3 {ctlffiS: BMin-f S t , H l 3 
(b) ic^-TJ; ? fc, ^^lajitMSI-^Ert^lfiltc 
£Em«P2iSJ|XttU ==WPliWSSoT« 

[0 0 0 5] 

TfWi Lftris h-YWiWla-h k mt k *%Z> Z. k ftX-% 
[0 0 0 6] *Tw-C#$§W4, i£«BET'^fjLft^ibH- 

[0 0 0 7] 

^l§^©^l-m L l4, IS*9 1 EttWBEH 
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T?^*.*-?x'h?> 0 mnm^mmmzx® i mm 
t m 2 mm ttDm^wmw btix& 9 , 

Stress. 

[0 0 0 8] :-f, WttSfc^fcLT^SttWHt. * 
«*J J: lWH&&ft £©&*#. eTttt©** 
fret. &/fcl8flgfc4tf, ^9^4^©IWWt©«»-c 

it, mmmzMtiZLx^zumx ®±©ewi[iic4 9j± 

?y?*Ty, #34o4l^tie>©&&fti?'© 

[0009] ffim«©J¥$WT©frJ]i«Tir0 
d 33 1 ©aifcitw Lx&m&tw zufat mw/m 

ffim«©J» $ Kttfcfr $ tift V +#ft'»;*/ £3! 
» X-# 5 £»t©i? $ SrJEWRlc:^ * 5 £ t # X § 5. 
[ooio] £©|&. svMtlW5i-4iflBffi©lWPH#ffi 
««©!¥$ K*t LT+#K'h£ tfiitf , TOp-r^mJik^ 

fctt(tttf^SrlS41-5„ *7c, /±«£*d 3l £fijffl LT 
^fctt*KfStH*9, BEm^i!cd33lCi»)iIiF*3^(M)© 

^^saE^ntt^afffcjt^t 2ffipgffi*t < ft 
5„ c©a^i4i^m<i©FflPB^i±ia;«©ff^t iHjfi/jET- 

*>5«^tfc*W**u, lRlC*ffSaffi-efco-CtiB2ffif 

[0 0 1 1 ] fflE©ffi1-*t?*)pif«ffi©il@*5ii?fl;«i 
©FflRI4 9 *>ii$l4/h$^©-CN JMMS:©^4©*f £ 
fc«fifl5©*4x4 9 t>*# < ft 5. LA»t, #-f-©© 

5*ffit±##a©##ti£*tt««fc 9 t>fi< T»Ftf. L7c 
z>SoT*#4S:Ic:4*lI4\ t)1"otffii^JP 

#3 4 L«ffl; t 9 * t < ft 3 i v > ? 



-/ 

[0012] (82 *%m<D% 2 ^{±, sg*l« 

lx^z<dx\ w&mzm&£hx^zmw&<D$tmfr 
MMMximzm®. Lxmmm&m-rzz. t » 
njfig-e&^o m-<Dmm*b<oi)Qj:xffimm& 
tizox% 8i «^©fl? t 8 2 mffiaflt t ©*»«ftftn 

-i?©ffii*»e>-Slc^i-5 d t # »imxh 9 , £E?I$ 
© MiSi ©»** * ti-PftM P L T ^ 5 t Jttt 

z<dx\ mtwr&&hx^z!£mmz-®iHtf / ±uc< < 

ft 9, «itf»©JS9ftv^**Cft5. 
[0 0 13] Ufc*s-3T*^jrJ;ii«, H«it©8l-T- 

©»«tt ©»»*» e> ft ^ ^^(^ a, «©^? * ttn;«£ t 

tttt#£j*«JHK'#5 ^ ft if ©*&B*fei»J|sf*» 5> ft 5 T'fo 
5»^tf4. fltttWttffiSrJliaiLT^-C'bfiV^ ^#© 

$tb5ii(cft5^, M#©«^J;'3 t49i£< (ffi 
<) )±Tl«{CTl^5r^lt2>ri^T-§5©t% 514^*3 
4 TWE^ft I4flft* 4 5 t it^c-r 5 „ 
[0014] (83 m L ) ©8 3 IS'JRII 

i-5ffi««©»ai(C|« P LT ^ 5 ?H© 4" ior^ $ ^ 
-5„ 1"ft;b*>, iM®ffif4ff»K©^/4»e)^E(c^fiR$ 
ixtv>5, -tti^x., -#©ffi£-#©®fl»i:©8^ffi 
t L , te^©fiSSrte*©®fii^©^ffi t 5 r 1 7)5 T' 
#S©T-, P5mffit^»lliii:©Sin^^»c:ftt), 111 
-B5tfffl»'t6d8**i.*il< ft£„ 
[0 0 15] Ufc^oT*^tC4tu«, M^©8l-=P 

^©^wjh^t: , mmm t mrnmm t <Dtmtm$>, 
ftsi47i> 9 -c*i4ft < , mmmmx<Dmmw± s * 

(84-Wi L ) *»W©ffi4^af4» W*^4Ei5©EE« 

[0016] *#©-e»4, M?m©ffim«±©/^->- 

*s-?:ix€ti.ii:ilT*©^^/S^ttT*5 9, ff?I«rofgSco 
iBISl-*)- L Tft t <g ic PoTlffi SrEKf 5 C i *5 x- # § co 

So 47tffmr^^ 3 .^-^(4 > a*ft«©J: 5 
WtdR5©t?f4ft< T-^|Sj{dH9 . -iiklllJiffi^JrM 

[0 0 17] L/c7)5 0 T*-m L (c:44il4 > nuili©8l^ 
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®.<D%i$k\z.toz-X. 4 !5{£v^7jp*JET--hfrl-*#fc^ 

(^5^) «PJ3<Djg5^13:l4, IMiJS 5 -gHitOffi'l 
[0 0 18] *#££Ti4, MW1I4, BB-^tHiil^tf 
a x. - 9 Z - & liti E I c t v % -f ti <d z. ft. till E K t &g 

[0019] (£g 6 -T-J£) «K<D|| 6 -=N£I4, W*ii 
H^fclTOPmff 5r2^i'3!lJ* LX%m-t6 r t -5 

[0 0 2 0] Lfc^oT#3M£fC4*U4, filjj&rofgl-T- 

t frx # , /pit ^ ^ ^- * zmmtemmzmt & * 

Sri #5 TJNtgfcfca £ H 3 ^^$,5 o 

(^7#^) *3PJ! <Djg 7 #££14, i«*«7fefw>ffi« 
7?^x.^~-?XhZ> 0 

[0021] *¥-WLX\*>>te< t &mumfrbtez> 
mfoX'hzi±mm<Dmm*bmi±mm<Dm& 4 tm^ 
mrnxmccom mjEnmrn^-tm^iMt , r 

cOfi|<D4i(cW*^S:S±a LTffS 1 mffi*J4t>*!g 2«ffi£ 

best * ?■ zx. ? ti^ 0 mimj-mc^m 
w<o mmu x&« wfeffl » RjfgT'^ icffi * jFM-r 5 c 

[0 0 2 2] Lfc*o-C*#aK:J:ixtf, L 

(»8^a) 8#ai±, 8S*9 8aa««)flE« 

w-f t to*5j;t;ix^'t4'l'^-V^s'^V^jPXlC|4, EE 

x-zzh^^om.&fthZo 



(4) 

[0 0 2 3] ($9 #»IJI3<0f& 9 -T-J&I4, tf}*8 
Til, ttMMXflfc, CVD «k¥W«WB**&) . 

mmm^-x h«>M9i&^, as*** 

60 CVD, 3K**iJ:tf;x/<y*!J vmf4, j£ttft£ 

Oft!) •? ii^*5 «t U«Mm^^ s"*fcl±, Sr«T'fffi®^*PX 

[0 0 2 4] fflt^*ie-ejE«*RO*B5K^^^ 
*f ^ Sf $ V ^5 ^ (4, P -v ^ ^ # 4r til/Si 

[0 0 2 5] 

tfzv>m&-jjmomi&owMic-o^xi*, ^m^imm 
m&fmmtm % z. z> «t 5 1-> «Toiiifi«-ciw**»o 

csiisM 1 1 

14, HI 1 \Z7f;-r 4 5 K, ¥ffiJ8#Ji»0»tt«rUTk» 
5. 1-**3*»fl£*7^f : ai-^ 114, £jge>Wtttt5 

5 &M<DlEm.te 2 t , BE®K 2 KT&jfc $ ttT V > 5 ft 2 a 
30 rt(C1|X^*nTV^5^-l;ffi3 1, 3 2, 4 1, 4 2i7}> 

[0 0 2 6] M£« 5 14, ^Wtt^^ojlWc-C? * ►) , 
*m l 0mm, ^Tf 1 5mm, W- $ 0. 0 5mm©^7 
yuxmoW-fcX'hZ. ETl«2(4, P Z TJEWttm* 
bftZWffi.Xh'Q , 118mm, UfT#12mm, J?£ 
0. 0 5mmO¥St*5. /±?IIS2|CI4, fi2ay45, 

S^M^tiT^So -^<o#ro#^(Of» 2 a rof(c:i4 
SivtJB 1 Ittt 3 l &m l Tft 0 , ftfe* 

2Wi3 2«:JB/£l,-0>5. H$1«S3 1 2:JK2tttf 3 
2 t!4, JEE««2<Offim«'!|sfSr»A/-Ci:v>{^ii:$ix-C 
i^-5o ^rro^im^3i»4, ^<o-i«T-llli:<^®M- 

T'ft 2afl $ I > 5 1 »iim«i 4 1 t Sfft t 
T*d9, |S]#(C^TCim2?H®3 214, tcO-iUX-mC 
< S»m*rt , »2 a rtid^$tlTV5^2^jiBm^4 2 
£ L T V * 5. XSB^mW»4 T/U 5 = f A -C 5 # , 

bo [ 0 0 2 7 ] HI 2 fc^-f 4 o |C, ^TO« 2 a ttW&K 
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BBP»*>e>»2 aftlC^m#/4^A£ftT#1t«3 1, 
3 2, 4 1, 4 2riSJg/£$*VCva. ftfc, 8U#iffim 
*E4 lfcit;^2*alttffi4 211, ZtlWltfyfj y 
^7^+*fctty-K«fcSMS*ii-C. Hill (121 

(0 0 2 8] ±rd£«H3 1, 3 2, 4 1, 4 214, m 
£0. 0 4 5mm (JEHUR 2 © 9 0 %) , i(B0. 
0 15mmT*$iXTtJtl, H 1 IM 3 1 i $ 2 1M 
3 2 t ©FflRiJi-^T* 0 . 0 3mm 2 ©J? $ (O 

3/5) T'fcSo -*-**>*)H3lc5«+J:5t, rcmHf 

roomiifcffisi-sffs-c, jki*« 3 1 i^2mffi3 
[oo29] mmm 1 <Dftm®m *n*«©ffi«r 

H4 (a) K*-f«fc5K, LTWRSrLT^ 
S„ H4 (b) |C^-f «fc ? fc, yf-6*HBi; 

xwam 1 1 x ©ii 7 *> e, «e $ v * a « 

tt-0«4, ffittffi3 1, 3 2#££K:f«f*;h,-0*5#lRl 

#**HdE1t«2©JE««ftd33 t«»7©W 
*P«E t J: 4 tB#»S t ««C (ronmi±/S«w«i5III 
T'tt) tbflH-a. rom^afitt, PP*D«£ESr*S«3 

1, 3 2<ommx®c>tzm-Qh5frt>. mm<o£ 1 \z& 

E5. BE«R2©J?S<t>, 

[0 0 3 0] ffi««2fi+#C*#fc#fi§fHj 
jjFr5tfl:fc*tt#fiffi 3 1, 3 2<0ffimJ}mcW ? & 
LX, #tt«5S:0fS<Oft«|a-e*»f5 (flE««2t>#tt 

3ll6«l©flEmT^f-ai-^ 1 tt±»t LX-fctoffi*: 
ftftr«»* *4 t, ftiilitf^ffi 

[0031] (Hite^j 1 <Di&m) *nmm<D&%T t f- 
9t &frz>%)isanBitfit%im&w£X'bz<Dx>. mwz 

■C, ^a^v'VSrl&m^-^/^t^Wt LT« 
[00 3 2] 1 tf»J§f3e) jfflttQl&ttttl 1 <D 
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y*t£\^ L&jmNgXJ&tfL U EttK 2 Srlii LT» 2 
a«r^fifcLTiM1tffi3 1, 3 2«rffil;tR2(7?J?$<0^i* 

id m o T«-r 5 t nffi «i hb-c*> a o 

[0 0 3 3] *iittffi4 1 , 4 2 [4, L 

■Cfllffi t T V ^5 fc* ft fcO T\ CE WR 2 <DW- $ O^ftlC 

io mmx-hztK &®mm 41,42 nas 31, 324 

[0034] njiffj 1 ^omimmt mmom 
Mx, mm 5 o*«?5BK:-eii^nffi*K 2 $ 

■So 

i ro»3i*jsfeH[, ss^xe, m^xs, «ffi«/*ie 

20 [0 0 3 5] ttaiatt, 9f«©-d-«feo«Hfitja**tt 

^5niJ(c, g^J*H-^jcWk$-tt-cff««2 
5tO^Sr5fe±tLT*5<„ ^CT% /±«T^^^o. 

1 »)ct-SF^C»^iM-#tt«5 fcJ;tJ«E'l>K2 
^Wr$tiSWftfJ(rM#5, 2Srllv^cS?^L-C*3$, 

30 y^W«|c, ^IRtD/EltT^f-ax-^iSr-ffilc:!!! 

[0 0 3 6] (W0Axaa, 9M4«5©«jfitg5^$ti 
TV^5ffimtg2C»«ffi^P), /Efl?E2(OJ?$«ti9 fc®V> 

?i«2(awr^xe-e3b5 0 ^iiw-ci^ «2a«o 

«XSC y ~> v ^ioi^ffiffl $ Jiv flttfcW K«0IW $ 
HT/fr^O^^Wft 2 a ^JTM$tbT^5„ 
[0 0 3 7] mW$Xf!l4, f»2 a©"f fcWWtft-fc 
40 KLt, ffi««2<0/±m«1sf?rtt/uT'EVHcW^LT^ 
%>% 1 11 3 1 J: 0^ 2 1Mb 3 2 XgT-fc 

t^tP^tttt^-^ hSr^TCffi2 a {CP-7--C'JI{IJt)ji 
tfyjnX^&^I6P>HTV^„ 80l9ji*©RR, n-5-»i 
f»2 a \Z.ftLX®#><Djjm*bW$.\^ l&^-xl* 
4LX<r>m2&\z.%±\z.%m-fZ>o :ct-, 

-C±BBM 9 ii^SrtT fl* 2 a <D*|c^fa (zK 
W K) ^SlDt<v^-C, J:"9S*LV\ /<cfc\ JEHtK 

50 KJ:5*J»>a*!l. »ffl^tttJfttHf#*i^KM{ife$n 
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[0 0 3 8] fH2 a\C3m&tl1t±.fc'<-X hfrbfeffl 

i©t«3 1, 3 2, 4 1, 4 2&ft;&-f -t&fo 
4!K#*«3 1, 3 2, 4 1, 4 2tfM$;ft£„ Tl 

mMi&Tmx'&mm3 1, 32, 41, 4 2«^ 

^iH13 13sJ:tj { &i#S®K4 i©Hv^ 

PJoS^Hu m 5 fCls-t J; 9 |c, ft tBEftR 2 ©fflHilHS 
fcjfiV**l«S3 l©i(B»*Jj:0«*2«ffi3 2©*Kg|S 

nxmm ztix^z mmmmmc «t 5 sm»x t a 

H o 

[00 3 9] fftC^tlitll, «■ y - Ktt L L 

-cm 1 mm 3 1 1 % 2 mm 3 2 1 <Dm\z.mw£&mn » 

U M®6i3 1, 3 2ffiK$£;ft,T^5J£®lK2©fES 

[004 0] (fgffiffl 1 o«jt*jsfe©«jgtti« 1 ) *n 
SW©J(&;frffi©3BB*flli: LX\ 1 iN«©« 

•ax®©*, aug^xetu'— 9**nx«feS:ttfflL, urn 30 
^dciSKcvDtttffli-5»js*ffi«s^rffit?*)5. 1/ 
-f-'^nxffitc «fc zm j&fcig-cwt, m 6 ic^-t-j; 5 

S£fi# 1 11 mSft©*^MI U— if * 1 0 fc&ft U>X 1 
lT'AftU M*9(C»£;hX^5/Pl;«2©7»2 a & 

tflBWfc <fc 5JB»W*ttWE±#K: i 9 . JEWS 2 
LTl^S P Z Tf±»fliWlBHa-e«* 9 iffc^ixJS LXW: 
4**1, *2a*i«-*lCJgfiK$tu5. /Ett$2±©7j$2 

t5:tl:J;!),#ti3 1, 3 2, 4 1, 4 2&J&5& io 

[004 1] CVD^iSmW^XSTii, 7i$2a£l 
^t-©EE1I« 2 ©*ffifclli U v?* h -e-r* ^ &MI&LX *3 

J:'5C^;}'-=^^UT*5<„ ^©JS*, $2 art KM: 
#m*i3 1, 3 2, 4 1, 4 2 # JIM £ ft, ZOtifDBi 

nm2<Dmmimmz&ittiz>. ^xt-m^zz 

TLlfcoT'b&K so 



70 

[0 04 2] y- YWLUz.\\t>Z>i£y7 ! 4 is? 

satt^-awm*? kpi±, ±rd« w^xs-cfs 2 a 

t PWfcBWte its. *£7l*ffi«<0»ii#te©ftBfii, 
««JllX(cJ;P,f 1 u— y-^nx-ff»2 a Sr^-fSro-C, 
J: ■) IHV ^©7f£ 2 a «r J; *) ^RlT«-e# Z^t 
X\ ^ft*i>x, J;t)|S;®ffi-C#®j^'5rfig|c/j;5i:i>9fJ 

*)fc*fc»2affl0*/hlfifitt:, 
if -C 5 /i m?I/JL I- — if "C 2 M mllffe 9 . 78 

2 a (Oia]R|©g/hPSa(i, !f T*3 0 mi 

[0043] (Ute^ i <nw&mmmm%k 2 j 

m L . ft W/iKXSJc **y9 } )v9 "f 5 »Jg* 

^HOillXfflK^f-^ 3rtt< u-v'^ Y<D^7,^ 
ttxmm<"<9-=-y 9 ZtlX V > 5 JimtR 2 Sr AtvT* 
X-rs. PiSSTii, MAttoSflEmiR l 5|c«t!J»»J 

©7*7 Xv 1 7 L, Jimffi 2 ©78 2 a Sr^-f^ 

^tLT»i, cf 4 , c 1 2 ^s-fiiffl-rsr 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric actuator that 
is a face deformation element for obtaining a sufficient generation 
force or a displacement, while operating at a low voltage and its 
manufacturing method. 

SOLUTION: A piezoelectric actuator 1 has an elastic plate 5 that is a 
thin plate with spring elasticity, a piezoelectric plate 2 that is a thin 
plate made of a piezoelectric material being jointed onto the surface 
of the elastic plate 5, and a first electrode 31 and a second electrode 
32 that are accommodated in a plurality of grooves 2a formed at the 
piezoelectric plate 2 with a gap that is equal to or less than the 
thickness of the piezoelectric plate 2 and are adjacent, while 
sandwiching a piezoelectric material. The piezoelectric actuator 1 can 
generate a sufficiently high electric field, even if an applied voltage is 
small, since the gap between both electrodes 31 and 32 is narrow 
and can utilize a piezoelectric constant d33 that is approximately two 
times larger than a piezoelectric constant d33, so that it can achieve 
a larger occurrence force and the maximum displacement even at a 
low voltage. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The elastic plate which is sheet metal with spring elasticity, and the piezo-electric plate which is 
sheet metal which consists of piezoelectric material joined to one [ at least ] front face of this elastic plate, 
The electrostrictive actuator which it fills up with electric conduction material into two or more slots 
currently formed in this piezo-electric plate at intervals of below the thickness of this piezo-electric plate, 
and is characterized by having the 1st electrode and the 2nd electrode which are formed from this electric 
conduction material that adjoins on both sides of this piezoelectric material mutually. 

[Claim 2] Said slot in which said 1 st electrode and said 2nd electrode are held is an electrostrictive actuator 
according to claim 1 which is carrying out opening to said elastic plate of said piezo-electric plate, and the 
front face facing in opposite directions. 

[Claim 3] Said 1st electrode and said 2nd electrode are an electrostrictive actuator according to claim 1 
currently arranged by turns in the shape of [ of two combs which counter mutually in the field of the 
thickness direction of said piezo-electric plate ] a gear tooth. 

[Claim 4] Said 1st electrode and said 2nd electrode are an electrostrictive actuator according to claim 1 
currently arranged by turns in the shape of [ of two combs which counter mutually in a field parallel to the 
front face of said piezo-electric plate ] a gear tooth. 

[Claim 5] Said 1st electrode and said 2nd electrode are the shape of a straight line, the shape of a straight 
line which were refracted, and an electrostrictive actuator according to claim 1 currently arranged in one of 
configurations among circular, and the shape of a curve including the shape of a double helix and the 
configuration which these have compounded in a field parallel to the front face of said piezo-electric plate. 
[Claim 6] Said piezo-electric plate is an electrostrictive actuator according to claim 1 which is divided into 
two or more partitions and has said two or more 1st electrodes which make a pair about this each partition, 
respectively, and said 2nd electrode. 

[Claim 7] The slot formation process which forms two or more slots at spacing shorter than the thickness of 
this piezo-electric plate in this piezo-electric plate from the front face of the piezo-electric plate which is 
sheet metal which consists of piezoelectric material joined or joined to the front face of the elastic plate 
which is sheet metal with spring elasticity, The electrode formation process which forms the 1st electrode 
and the 2nd electrode which are filled up with electric conduction material into this slot, and adjoin on both 
sides of this piezoelectric material mutually, The manufacture approach of an electrostrictive actuator which 
impresses the high voltage between this 1st electrode and this 2nd electrode, and is characterized by having 
the polarization process to which polarization of this piezoelectric material inserted between these two 
electrodes is carried out. 

[Claim 8] Said slot formation process is the manufacture approach of an electrostrictive actuator according 
to claim 7 which is the process which forms said slot by either among dicing processing, laser beam 
machining, and reactive-ion-etching processing. 

[Claim 9] Said electrode formation process is the manufacture approach of an electrostrictive actuator 
according to claim 7 which is the process which forms said 1 st electrode and said 2nd electrode by either 
among CVD, sputtering, the imprinting of a conductive paste, electroless deposition, and vacuum 
evaporationo. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention belongs to the technical field of the electrostrictive actuator which is a 

field deformation component similar to a piezo-electric uni-morph or piezo-electric bimorph. 

[0002] 

[Description of the Prior Art] As an electrostrictive actuator which is the field deformation component of the 
conventional technique, there are a piezo-electric uni-morph and piezo-electric bimorph. These usually 
consist of a piezo-electric plate which are the elastic plate which is sheet metal with spring elasticity, and 
sheet metal which consists of piezoelectric material joined to one [ at least ] front face of this elastic plate, 
and an electrode of a pair formed thru/or joined by both sides of each piezo-electric plate, respectively. 
[0003] If an electrical potential difference is impressed to the electrode of a top Norikazu pair, the electric 
field of the field strength which broke applied voltage by thickness will arise in the thickness direction of a 
piezo-electric plate, and a piezo-electric plate will produce at least a field domestic disturbance 
perpendicular to the thickness direction in proportion to the product of field strength and a piezoelectric 
constant d31 (or pressure which is going to start at least a field domestic disturbance), or [ consequently, / 
that field deformation components such as a uni-morph and bimorph, curve in one side ] — or the force used 
as an anti-wax is generated. 

[0004] If the piezo-electric uni-morph P1 is taken up as an example, as shown in drawin g 12 , the piezo- 
electric plate P2 is joined to one side of the metal disc-like elastic plate P5, and as shown in drawin g 13 (a), 
the electrode P3 is formed in both sides of the piezo-electric plate P2, respectively. If an electrical potential 
difference is impressed to the above-mentioned two electrodes P3, as shown in drawing 13 (b), the piezo- 
electric plate P2 will contract to the field inboard which intersects perpendicularly with the direction of 
polarization, and the uni-morph P1 whole will curve and deform. Under the present circumstances, the 
deformation pressure (stress at the time of immobilization) of the piezo-electric plate P2 is proportional to 
the field strength and the piezoelectric constant d31 which broke applied voltage by thickness of the piezo- 
electric plate P2. 
[0005] 

[Problem(s) to be Solved by the Invention] In an above-mentioned uni-morph and bimorph, in order to make 
it operate by the low battery, the thickness of a piezo-electric plate is formed thinly and there is a means by 
which field strength strong enough is obtained also by the low battery. However, since the cross section of 
field inboard will become small if thickness of a piezo-electric plate is made thin, the force generated in field 
inboard cannot become weak, and sufficient generating force cannot be acquired. So, the sufficient 
generating force and a sufficient variation rate cannot be obtained, operating by the low battery depending on 
the above-mentioned conventional technique. 

[0006] Then, this invention makes it the technical problem which should be solved to offer the 
electrostrictive actuator which is the field deformation component which can obtain at least one side among 
sufficient generating force and a variation rate, and its manufacture approach, operating by the low battery. 
[0007] 

[The means for solving a technical problem, and its operation and effectiveness] In order to solve the above- 
mentioned technical problem, artificers invented the following means. 
[Electrostrictive actuator] 

(The 1st means) The 1st means of this invention is an electrostrictive actuator according to claim 1. The high 
voltage is applied to the piezo-electric plate between the 1 st electrode and the 2nd electrode in the 
manufacture process, and polarization of piezoelectric material is beforehand formed in the sense which 
intersects perpendicularly with each electrode surface of field inboard. 
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[0008] Here, semiconductor materials, such as insulating ingredients, such as conductive ingredients, such as 
metals, such as stainless steel, copper, and a copper alloy, or synthetic resin, and glass, or silicon, are 
sufficient as the ingredient which forms the elastic plate. Moreover, the ingredient which forms the piezo- 
electric plate can be suitably chosen from the piezoelectric material which produces the piezo-electric effect 
or an inverse piezoelectric effect by impression of an electrical potential difference, for example, PZT (PZT) 
of electrostrictive ceramics can be used for it. On the other hand, the ingredient which forms each electrode 
can be suitably chosen from conductive ingredients, for example, metals, such as aluminum, gold, silver, 
platinum, a tungsten, copper, and these alloys, can be used for it. 

[0009] With this means, in two or more slots currently formed at intervals of below the thickness of a piezo- 
electric plate, it fills up with electric conduction material, adjoins on both sides of this piezoelectric material 
mutually, and the 1st electrode and the 2nd electrode are formed, so — if an electrical potential difference is 
impressed between the above-mentioned two electrodes — field inboard — electric field — generating — 
the product of field strength and a piezoelectric constant d33 — it is proportional — field inboard (direction 
parallel to electric field) with a piezo-electric plate perpendicular to the thickness direction — telescopic 
motion — a variation rate or the flexible force is produced. Here, since a heavy current community occurs 
also by the low battery and field strength is not influenced by the thickness of a piezo-electric plate so that 
spacing of a slot, i.e., spacing of two electrodes, is narrow, only the thickness which can demonstrate 
sufficient deformation force can be given to a piezo-electric plate. 

[0010] Under the present circumstances, if spacing of the two electrodes which adjoin mutually is fully small 
to the thickness of a piezo-electric plate, even if the electrical potential difference to impress is a low 
battery, field strength high enough will arise in field inboard, and sufficient bending deformation for an 
electrostrictive actuator or the bending force of this means will be generated. Moreover, unlike the 
conventional technique in which the piezoelectric constant d31 was used, flexible deformation of field inboard 
or the flexible force occurs by the piezoelectric constant d33. Here, since a piezoelectric constant d33 is 
usually large about 2 times compared with a piezoelectric constant d31, if field strength is the same, the 
deformation force which the electrostrictive actuator of this means generates will become large about 2 
times compared with the conventional technique. This effectiveness is demonstrated also when spacing of 
two electrodes is comparable as the thickness of a piezo-electric plate, and even if it is the same field 
strength, the flexible force of being twice [ about ] many as this is acquired. 

[001 1] Moreover, since the width of face of a slot, i.e., the width of face of two electrodes, is usually smaller 
than spacing of two electrodes, the magnitude of the variation rate of this means also becomes larger than 
that of the conventional technique. And in order to obtain a variation rate (it is proportional to the product of 
field strength and a piezoelectric constant d33) equivalent to the conventional technique by the 
electrostrictive actuator of this means, this means of the electrical potential difference to impress is lower 
than the conventional technique, and it ends. Therefore, according to this means, an electrostrictive actuator 
can be operated with applied voltage much lower than the conventional technique, and it is effective in the 
deformation force and deformation becoming larger than the conventional technique. 

[0012] (The 2nd means) The 2nd means of this invention is an electrostrictive actuator according to claim 2. 
It is able to form a slot in a precision with this means, from the front face of the piezo-electric plate joined to 
the elastic plate, making full use of ultra-fine processing technology, since each slot in which two electrodes 
are held is carrying out opening to the front face of a piezo-electric plate. Moreover, since a slot is formed 
by processing from the same front face, it becomes easy to be able to do easily, and for the precise 
alignment of the slot of the 1st electrode and the slot of the 2nd electrode to keep spacing of both slots 
constant to a precision, and to process it into it. Furthermore, it is possible to form two electrodes at once 
from one field of a piezo-electric plate, and the process which forms two electrodes in both sides of a piezo- 
electric plate as compared with the case where the slot of each electrode is carrying out opening, 
respectively is also simplified. In addition, since a slot can be formed after joining a piezo-electric plate to an 
elastic plate, it is hard coming to generate a crack to the piezo-electric plate with which the slot is formed, 
and the handling under manufacture also becomes easy. 

[0013] Therefore, according to this means, in addition to the effectiveness of the 1st above-mentioned 
means, it is effective in manufacture of the electrostrictive actuator of this invention becoming easy. In 
addition, although the depth of flute is stopped in the range at which an insulation is maintained between two 
electrodes and an elastic plate when an elastic plate consists of conductive ingredients, such as a metal, the 
elastic plate could become and come out of insulating ingredients, such as synthetic resin and glass, and, in a 
certain case, the slot may penetrate the elastic plate. In the case of the latter, after a piezo-electric plate is 
joined to an elastic plate, a slot will be formed, but since electric field can be applied to a piezo-electric plate 
more widely (deeply) than the case of the former, the generating force and deformation increase rather than 
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the former. 

[0014] (The 3rd means) The 3rd means of this invention is an electrostrictive actuator according to claim 3. 
With this means, one side is formed in the plane of composition of the piezo-electric plate which counters an 
elastic plate among two electrodes into the slot which is carrying out opening, and another side is formed in 
the slot which is carrying out opening to the front face of the piezo-electric plate which faces in opposite 
directions to an elastic plate. That is, two electrodes are formed by turns from the front flesh side of a 
piezo-electric plate. So, since one field can be made into a connection side with one electrode and the field 
of another side can be made into the connection side to the electrode of another side, connection between 
two electrodes and a drive power source becomes easy, and a possibility of connecting too hastily in respect 
of the same disappears. 

[0015] Therefore, according to this means, in addition to the effectiveness of the 1st above-mentioned 
means, it is effective in connection between two electrodes and a drive power source not only becoming 
easy, but the short circuit between two electrodes being prevented. 

(The 4th means) The 4th means of this invention is an electrostrictive actuator according to claim 4. 
[0016] With this means, since the pattern on the piezo-electric plate of two electrodes is formed only in a 
straight line, respectively and can arrange two electrodes most densely to the area of the front face of a 
piezo-electric plate, even if applied voltage is low, the big generating force can be acquired. Moreover, an 
electrostrictive actuator does not curve in the shape of the abbreviation spherical surface like the 
conventional technique, and forms curvature and a primary curved surface in an one direction. 
[0017] Therefore, according to this means, in acquiring a variation rate big enough thru/or the generating 
force with lower applied voltage in addition to the effectiveness of the 1st above-mentioned means, it is 
effective in an electrostrictive actuator deforming into a primary curved surface. 
(The 5th means) The 5th means of this invention is an electrostrictive actuator according to claim 5. 
[0018] since two electrodes are formed in a piezo-electric plate by the pattern of the arbitration containing a 
straight line or a curve in this means — an electrostrictive actuator — a primary curved surface — 
positive/negative — it can be made to deform into any quadratic surface Therefore, according to this means, 
in addition to the effectiveness of the 1st above-mentioned means, it is effective in the ability to design to 
arbitration the deformation configuration and the direction which is going to deform of an electrostrictive 
actuator. 

[0019] (The 6th means) The 6th means of this invention is an electrostrictive actuator according to claim 6. 
Since mutually-independent [ of the applied voltage ] can be carried out and it can be controlled by this 
means for every partition, it is possible to give the direction and deformation of deformation to every partition 
according to an individual, and it becomes possible to make an electrostrictive actuator transform into a 
complicated configuration. 

[0020] Therefore, according to this means, in addition to the effectiveness of the 1st above-mentioned 
means, deformation can be controlled according to an individual for every partition, and it is effective in it 
becoming possible to make an electrostrictive actuator transform into a complicated configuration. 
[The manufacture approach of an electrostrictive actuator] 

(The 7th means) The 7th means of this invention is an electrostrictive actuator according to claim 7. 
[0021] The electrostrictive actuator of the 1st means is manufactured according to the polarization process 
which the high voltage is impressed [ process ] and carries out polarization of the piezoelectric material to 
the slot formation process which forms in this piezo-electric plate two or more slots at spacing shorter than 
the thickness of the front face of the piezo-electric plate which is sheet metal which consists of 
piezoelectric material at least to this piezo-electric plate, and the electrode formation process which is filled 
up with electric conduction material into this slot, and forms the 1 st electrode and the 2nd electrode 
between two electrodes with this means. The processing technique which diversion of the ultra-fine 
processing technology of a semi-conductor could be possible to the slot formation process, and could form 
the slot in it easily, and has matured in each engineering field also in the electrode formation process can be 
diverted to some other purpose. Moreover, a polarization process is also fundamentally [ as the process 
currently performed by the usual piezoelectric device ] the same, and there is no technical difficulty in the 
manufacture approach of this means. 

[0022] Therefore, according to this means, it is effective in the ability to manufacture the electrostrictive 
actuator of the 1st above-mentioned means easily by diversion of the processing technique which has 
already matured. 

(The 8th means) The 8th means of this invention is the manufacture approach of an electrostrictive actuator 
according to claim 8. With this means, one of processing techniques is used for a slot formation process 
among dicing processing, laser beam machining, and reactive-ion-etching processing. It ends with a cheap 
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and simple processing facility in dicing processing, and there is an advantage that processing is performed 
promptly in it. On the other hand, there is an advantage that the pattern of the slot on the front face of a 
piezo-electric plate can be designed to arbitration also including a curve in laser beam machining and 
reactive-ion-etching processing. 

[0023] (The 9th means) The 9th means of this invention is the manufacture approach of an electrostrictive 
actuator according to claim 9. With this means, one of processing techniques is used for an electrode 
formation process among CVD (chemical vapor deposition), sputtering, the imprinting of a conductive paste, 
electroless deposition, and vacuum evaporationo. In forming two electrodes comparatively precisely, there is 
an advantage that electrode formation of two or more sheets is attained at once in CVD, vacuum 
evaporationo, and sputtering. On the other hand, in ending with a cheap and simple processing facility, there 
is an advantage that floor to floor time is comparatively short, and ends in the imprinting and electroless 
deposition of a conductive paste. 

[0024] In addition, if it removes after termination of an electrode formation process after using this mask 
material also with an electrode formation process when mask material is joined to the front face of a piezo- 
electric plate with the slot formation process, since excessive electric conduction material is removed with 
this mask material, it is rational. Conversely, when mask material is not joined to the front face of a piezo- 
electric plate with a slot formation process, the excessive electric conduction material deposited on the front 
face of a piezo-electric plate may be removed by machining of grinding etc. 
[0025] 

[Embodiment of the Invention] an understanding which can be carried out to this contractor about the 
electrostrictive actuator of this invention, and the gestalt of operation of the manufacture approach — profit 
**** — clear [ like ] in the following examples — and it fully explains. 
[Example 1] 

(Configuration of an example 1) As shown in drawing 1 , as for the electrostrictive actuator 1 of this example, 
the plan type is carrying out the rectangular configuration. That is, the electrostrictive actuator 1 consists of 
a rectangular elastic plate 5, a rectangular piezo-electric plate 2 joined to the front face of one of these with 
epoxy system adhesives, and each electrodes 31, 32, 41, and 42 held in slot 2a currently formed in the piezo- 
electric plate 2. 

[0026] An elastic plate 5 is sheet metal with spring elasticity, and is a plate of stainless steel with width of 
face of 10mm, a depth [ of 15mm ], and a thickness of 0.05mm. The piezo-electric plate 2 is sheet metal 
which consists of PZT piezoelectric material, and is a plate with width of face of 8mm, a depth [ of 12mm ], 
and a thickness of 0.05mm. It is formed by turns in the shape of [ of two combs with which slot 2a counters 
the piezo-electric plate 2 mutually in a field parallel to a front face ] a gear tooth. It fills up with electric 
conduction material into slot 2a of the shape of a gear tooth of one comb, and the 1 st electrode 31 is 
formed, it fills up with the same electric conduction material into slot 2a of the shape of a gear tooth of the 
comb of another side, and the 2nd electrode 32 is formed. The 1st electrode 31 and the 2nd electrode 32 of 
each other are insulated on both sides of the piezoelectric material of the piezo-electric plate 2. It has 
connected with the 1st community electrode 41 currently similarly formed in slot 2a by electric conduction 
material by the end, and all the 1st electrode 31 has connected all the 2nd electrode 32 with the 2nd 
community electrode 42 currently similarly formed in slot 2a by electric conduction material by the end 
similarly. Although the above-mentioned electric conduction material is aluminum, changing into gold, a 
tungsten, etc. suitably is also possible. 

[0027] As shown in drawing 2 , opening of all the slot 2a is carried out to the front face of the piezo-electric 
plate 2 which faces in opposite directions to the elastic plate 5, electric conduction material is introduced in 
slot 2a from this opening, and each electrodes 31, 32, 41, and 42 are formed. In addition, it connects with a 
bonding wire or lead wire, respectively, and the 1st community electrode 41 and the 2nd community electrode 
42 can receive now the applied voltage from a drive power source (figure abbreviation). 
[0028] It is formed by depth of 0.045mm (90% of the thickness of the piezo-electric plate 2), and width of 
face of 0.015mm, and each above-mentioned electrodes 31, 32, 41, and 42 of spacing of the 1st electrode 31 
and the 2nd electrode 32 are fixed, and are 0.03mm (3/5 of the thickness of the piezo-electric plate 2). That 
is, as shown in ^rawingj} , the piezoelectric material polarized in the perpendicular direction is pinched with 
the front face of two electrodes between the 1st electrode 31 and the 2nd electrode 32 by the thickness 
equivalent to this inter-electrode spacing. 

[0029] (The operation effectiveness of an example 1) In the condition that the electrical potential difference 
is not impressed, the electrostrictive actuator 1 of this example is carrying out plate-like as a whole, as 
shown in drawing 4 (a). On the other hand, as shown in drawing 4 (b), in the condition that a switch 6 closes 
and the electrical potential difference is impressed from the cell 7 as a drive power source, two electrodes 31 
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and 32 elongate piezoelectric material in the direction (direction parallel to electric field) by which the 
laminating is carried out by turns. Under the present circumstances, elongation percentage is proportional in 
the range predetermined in applied voltage at the product of the piezoelectric constant d33 (constant) of the 
piezo-electric plate 2, and the field strength by the applied voltage of a cell 7. Since this field strength is the 
value which broke applied voltage at intervals of each electrodes 31 and 32, even if it is low applied voltage, 
in the electrostrictive actuator 1 of this example as mentioned above with the above-mentioned spacing 
much narrower than the thickness of the piezo-electric plate 2, field strength big enough produces it. 
Moreover, only the thickness which produces bending moment also with the sufficient thickness of the piezo- 
electric plate 2 to bend an elastic plate 5 is secured. 

[0030] Consequently, the piezo-electric plate 2 produces the elongation force big enough, elongates only the 
specified quantity in the direction of a laminating of each electrodes 31 and 32, and bends an elastic plate 5 
with predetermined curvature (it bends also joining the piezo-electric plate 2 to an elastic plate 5). By this 
bending deformation, the electrostrictive actuator 1 of this example forms a primary curved surface as a 
whole. According to the electrostrictive actuator 1 of this example, as explained in full detail above, even if 
applied voltage is comparatively low, sufficient bending deformation force is produced and it is effective in the 
ability to, generate bending deformation big enough as a result. 

[0031] (Application of an example 1) Since the applied voltage needed for a drive is a low battery 
comparatively when the electrostrictive actuator 1 of this example is adopted as a micro machine, an 
electrostrictive actuator 1 can be driven by the cell which did not require a high-voltage transformer 
assembly but was carried in the micro machine. Therefore, it is effective in it becoming easy to constitute a 
micro machine without an electric supply cable as a simple substance. Moreover, since the high voltage is not 
needed, there is effectiveness that prevention of a short circuit is also easy and-izing of the part and the 
micro machine can be carried out [ small lightweight ]. 

[0032] (Deformation mode of an example 1) In the electrostrictive actuator 1 of the above-mentioned 
example 1, the deformation mode which forms an elastic plate 5 with insulating glass thru/or synthetic resin, 
penetrates the piezo-electric plate 2, forms slot 2a, and forms two electrodes 31 and 32 over the whole 
thickness of the piezo-electric plate 2 can also be carried out. According to this strange gestalt of the, it is 
effective in the bigger generating force and deformation being obtained. 

[0033] In addition, since the common electrodes 41 and 42 are only functioning as a track, it does not need 
to be formed over the whole thickness of the piezo-electric plate 2. Furthermore, although it is the same also 
in the example 1, it is desirable [the common electrodes 41 and 42 ] to be formed by width of face larger 
than electrodes 31 and 32, when securing a flow with electrodes 31 and 32 and the electrode pad P. 
[0034] Moreover, a deformation mode like the bimorph to which it is the same configuration as an example 1 
or its deformation mode, and the piezo-electric plate 2 is joined by front flesh-side both sides of an elastic 
plate 5, respectively can also be carried out. 

(The manufacture approach of an example 1) The manufacture approach of the electrostrictive actuator 1 of 
this example is constituted in order of the junction process, the slot formation process, the electrode 
formation process, and the polarization process. 

[0035] A junction process is a process which prepares the elastic plate 5 and the piezo-electric plate 2 
which are fabricated by the sheet metal of a predetermined dimension, doubles mutual bearing, and carries 
out junction immobilization of the piezo-electric plate 2 with adhesives on one front face of an elastic plate 5. 
At this process, before moving to the following slot formation process, adhesives are fully stiffened and 
junction to the piezo-electric plate 2 and an elastic plate 5 is made perfect. Here, before an elastic plate 5 
and the piezo-electric plate 2 are cut out by the predetermined dimension which constitutes an 
electrostrictive actuator 1, both 5 and 2 of each other are joined, and after all processes are completed, the 
manufacture approach judged in the above-mentioned predetermined dimension can also be taken. According 
to this approach, it is possible like many semiconductor chips to manufacture many electrostrictive actuators 
1 at once. 

[0036] A slot formation process is a process which forms two or more slot 2a at spacing shorter than the 
thickness of the piezo-electric plate 2 in the piezo-electric plate 2 by the above-mentioned pattern (refer to 
dewing J ) from the front face of the piezo-electric plate 2 joined to the front face of an elastic plate 5. In 
this example, since all the patterns of slot 2a consist of linear segments, dicing processing is used for a slot 
formation process, it is cut mechanically, and slot 2a of the predetermined depth is formed. 
[0037] An electrode formation process is a process which forms the 1st electrode 31 and the 2nd electrode 
32 which are filled up with electric conduction material into slot 2a, and adjoin mutually on both sides of the 
piezoelectric material of the piezo-electric plate 2. In this example, the processing approach which inserts 
with a roller the conductive paste which contains silver impalpable powder so much in the solvent of a minute 
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amount in all slot 2a is taken. Going and coming back to a roller from the direction of slanting to slot 2a, it 
fills up all slot 2a with the above-mentioned paste completely in the case of imprinting. If the above- 
mentioned imprinting is performed in the decompressed ambient atmosphere here, since air bubbles (void) 
cannot remain in the inner part of slot 2a easily, it is more desirable. In addition, the excessive conductive 
paste adhering to the front face of the piezo-electric plate 2 will be finely removed, if it wipes off with a 
solvent after stenciling with a roller, and the worries about a short circuit disappear. 
[0038] After a solvent evaporates from the above-mentioned paste with which slot 2a was filled up, the 
piezo-electric plate 2 is put into a heat treating furnace with an elastic plate 5, a temperature up is carried 
out even to proper temperature, silver impalpable powder is dissolved, and the silver electrodes 31, 32, 41, 
and 42 are calcinated. That is, it is cooled after heat treatment, and solidifies continuously in silver fang 
furrow 2a, and each electrodes 31, 32, 41, and 42 are formed. After each electrodes 31, 32, 41, and 42 are 
formed with an electrode formation process, other one lead wire is joined to either among 1, the 2nd 
electrode 32, and the 2nd community electrode 42 among the 1st electrode 31 and the 1st community 
electrode 41 at either. In the case of this example, as shown in drawing 5 , the conductive paste which uses 
silver as a principal component is printed and calcinated, and each electrode pad P is formed in the edge of 
the 1st electrode 31 and the edge of the 2nd electrode 32 nearest to the side edge of the piezo-electric 
plate 2. And lead-wire L is connected to each electrode pad P with soldering, respectively (adhesion by 
electroconductive glue is sufficient). 

[0039] Finally, at a polarization process, the high voltage is impressed between the 1st electrode 31 and the 
2nd electrode 32 through each lead-wire L, and polarization of the piezoelectric material of two electrodes 31 
and the piezo-electric plate 2 inserted among 32 is carried out. The electrostrictive actuator of this example 
is manufactured by the manufacture approach of the above this example. According to the manufacture 
approach of this example, the facility which manufacture takes is cheap and simple, and it is especially 
effective in the ability to manufacture the quick electrostrictive actuator of the above-mentioned cheaply by 
low production of a prototype etc. 

[0040] (Deformation mode 1 of the manufacture approach of an example 1) The manufacture approach which 
uses a laser process for a slot formation process after the same junction process as an example 1 as a 
deformation mode of the manufacture approach of this example, and uses CVD for an electrode formation 
process is possible. In the slot formation process by the laser process, as shown in drawing 6 , wavelength 
condenses the infrared laser light 10 which is about 1 micrometer with a condenser lens 11, and irradiates 
the part which should form slot 2a of the piezo-electric plate 2 dipped in pure water 9. Then, by the local 
temperature rise by the concentration irradiation of infrared laser light, PZT which forms the piezo-electric 
plate 2 reacts chemically with pure water 9, and corrodes by the irradiated part, and slot 2a is formed 
gradually. By making a laser beam 10 scan along with the pattern which should form slot 2a on the piezo- 
electric plate 2, all slot 2a that should hold each electrodes 31, 32, 41, and 42 is formed. 
[0041] In the electrode formation process by CVD, the mask is formed in the front face of piezo-electric 
plates 2 other than slot 2a by the resist, and patterning is carried out so that conductive material (this 
example silver) may adhere in slot 2a. Consequently, in slot 2a, each electrodes 31, 32, 41, and 42 are formed, 
and the front face of the other piezo-electric plates 2 is maintained at clarification. In addition, the 
conductive material deposited on the front face of the piezo-electric plate 2 may be removed by machining 
and the chemical treatment of cutting, polishing, etc. without carrying out patterning by mask material. 
[0042] The electrode pad P which should connect the bonding wire replaced with lead-wire L is formed in 
slot 2a and coincidence with the above-mentioned electrode formation process. Since the advantage of the 
manufacture approach of this deformation mode is not based on machining but forms slot 2a by laser beam 
machining, it is being able to form slot 2a of thinner width of face at narrower spacing, and, so, is effective in 
actuation becoming possible by the low battery more. Incidentally, the slot 2a piece minimum is about 2 
micrometers in about 5 micrometers and ultraviolet laser at infrared laser, and the minimum of spacing of slot 
2a is about 10 micrometers in about 30 micrometers and ultraviolet laser at infrared laser. 
[0043] (Deformation mode 2 of the manufacture approach of an example 1) The manufacture approach which 
uses reactive ion etching for a slot formation process after the same junction process as an example 1 as a 
deformation mode of the manufacture approach of this example, and uses sputtering for an electrode 
formation process is possible. In the slot formation process by reactive ion etching, as shown in draw ing 7 , 
the piezo-electric plate 2 with which patterning of the front face is carried out is put in and processed by the 
mask material of a resist in the vacuum chamber 1 3 for processing of a reactive ion etching system. In this 
equipment, the corrosion by the chemical reaction takes place by the part which the plasma 1 7 of reactant 
gas occurs and should form slot 2a of the piezo-electric plate 2 in an alternating current magnetic field with 
the magnetic field coil 14 driven by AC power supply 15 of a RF. under the present circumstances — as 
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reactant gas — CF4 and CI2 etc. — it can be used. On the other hand, plurality is arranged in on the 
electrode substrate 12, and the high voltage is impressed to the piezo-electric plate 2 joined to the elastic 
plate 5 from AC power supply 15 of a RF through the electrode substrate 12. In addition, the vacuum 
chamber for processing is maintained at the proper degree of vacuum by the evacuation system 1 6. 
[0044] It leaves the mask used with the above-mentioned slot formation process to the front face of piezo- 
electric plates 2 other than slot 2a, and conductive material is made to adhere in slot 2a by sputtering in the 
electrode formation process by sputtering. Consequently, in slot 2a, each electrodes 31, 32, 41, and 42 are 
formed, and the front face of the other piezo-electric plates 2 is maintained at clarification if a mask is 
removed. The electrode pad P which should connect the bonding wire replaced with lead-wire L is formed in 
slot 2a and coincidence with the above-mentioned electrode formation process. 

[0045] Since the advantage of this strange gestalt's [ the ] manufacture approach forms slot 2a and each 
electrodes 31, 32, 41, and 42 using reactive ion etching and sputtering, it is that can process many piezo- 
electric plates 2 at once, and mass production method becomes easy. 

(Formation of the electrode pad of an example 1) The electrode pad P can be formed by membrane formation 
of CVD, sputtering, vacuum evaporationo or the aluminum by electroless deposition, silver, gold, or nickel. So, 
as mentioned above, in case electrodes 31, 32, 41, and 42 are formed by these processing methods, forming 
in coincidence is rational. To the electrode pad P of membrane formation, connection with a voltage source is 
possible by wirebonding. 

[0046] (Deformation mode of an example 1) Although the piezo-electric plate 2 was joined only to one side of 
an elastic plate 5 like the uni-morph in the electrostrictive actuator 1 of the above-mentioned example 1, the 
deformation mode to which the piezo-electric plate 2 is joined by both sides of an elastic plate 5 like 
bimorph, respectively is also possible. According to this strange gestalt's of the electrostrictive actuator, it is 
effective in the ability to double the generating force compared with the above-mentioned electrostrictive 
actuator 1. 
[0047] [Example 2] 

(Configuration of an example 2) this invention — an example — two — ****** — an electrostrictive 
actuator — one — ' — drawin g 8 — and — drawin g 9 — being shown — as — one — a sheet — being 
disc-like — stainless steel — make — sheet metal — from — becoming — being disc-like — an elastic 
plate — five — ' — an elastic plate — five — front — a flesh side — both sides — electroconductive glue - 

- respectively — joining — having — **** — two — a sheet — piezo-electricity — a plate — two — ' — 
from — becoming . The piezo-electric plate 2 is sheet metal which consists of PZT like an example 1, and is 
carrying out discoid with a little small diameter from the elastic plate 5. 

[0048] Two piezo-electric plates 2' is divided into two partitions as shown in drawin g 8 , and these two 
partitions correspond on the front reverse side about two piezo-electric plates 2'. piezo-electricity — a plate 
two ' each — a partition — ******** — respectively — a pair — making — plurality — the — one 

— an electrode — 31 — ' — and — the — two — an electrode — 32 — ' — having — **** . moreover, 
each piezo-electric plate 2 — each partition — respectively — every — the [ which has connected 1 st 
electrode 31' ] — 1 common electrode 41' — respectively — every — the [ which has connected 2nd 
electrode 32' ] — it has 2 common electrodes 42. 

[0049] Two or more 1st electrode 31' draws the pattern of an abbreviation semicircle arc on the front face of 
piezo-electric plate 2', is formed, respectively, and two 1st community electrode 41' also draws a pattern on 
the front face of piezo-electric plate 2' in the shape of a straight line, respectively, and they is formed. On 
the other hand, two or more 2nd electrode 32' also draws the pattern of an abbreviation semicircle arc on the 
rear face (field joined to elastic plate 5') of piezo-electric plate 2', and is formed, respectively, and two 2nd 
community electrode 42' also draws a pattern on the rear face of piezo-electric plate 2' in the shape of a 
straight line, respectively, and is formed in it. 

[0050] That is, 1st electrode 31' and 2nd electrode 32' are arranged by turns in the shape of [ of two combs 
which counter mutually in the field of the thickness direction of each piezo-electric plate 2' ] a gear tooth, as 
shown in drawing_9 . 1st electrode 31' and 1st community electrode 41' are connected to lead wire by the 
electrode pad (figure abbreviation) formed for every partition, respectively. On the other hand, it connects 
with the elastic plate 5 through electroconductive glue, and 2nd electrode 32' and the 2nd community 
electrode 42 are further connected to other lead wire (figure abbreviation) through the elastic plate 5. So, it 
is also possible for there to be no need for 2nd community electrode 42', and to omit and constitute 2nd 
community electrode 42'. 

[0051] The piezoelectric material inserted into 1st electrode 31' and 2nd electrode 32' is polarized by the 
field inboard of piezo-electric plate 2' at piezo-electric plate 2' by the side of drawing Nakagami in the 
direction of 2nd electrode 32' to 1st electrode 31'. On the other hand, the piezoelectric material which forms 
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piezo-electric plate 2' by the side of drawing Nakashita is conversely polarized in the direction of 1 st 
electrode 31' to 2nd electrode 32V 

(The operation effectiveness of an example 2) electrostrictive actuator V of this example — two piezo- 
electric plates 2 — since 'two-electrodes 31' currently formed inside, 32' are divided into the partition of two 
right and left as shown in drawing 10 (a), it is possible to control each partition separately. Under the present 
circumstances, piezo-electric plate 2', 2nd electrode 32', and 2nd community electrode 42' are grounded 
through an earth wire 8. On the other hand, it connects with circuit 4' and may flow through 1st electrode 
31of piezo-electric plate 2' of front flesh side of partition of this drawing Nakamigi hemihedry' to the forward 
drive power source 7 through a switch 6 further. On the other hand, it connects with other circuit 4', and may 
flow through 1st electrode 31 of piezo-electric plate 2' of front flesh side of partition of left half plane in said 
drawing' in negative drive power-source T through switch 6' further. 

[0052] That is, if a switch 6 is closed and a forward electrical potential difference is impressed only to circuit 
4' of the partition by the side of this drawing Nakamigi as shown in drawing 10 (b), only a right half plane will 
turn at electrostrictive actuator V convex, and will deform it. Furthermore, if switch 6' is closed and a 
negative electrical potential difference is impressed only to circuit 4' of the partition of the left-hand side in 
the said drawing as shown in drawing 10 (c), it will turn at the left half plane of electrostrictive actuator 1' 
convex, and it will deform. 

[0053] the above — having explained in full detail — as — this example — an electrostrictive actuator — 
one — ' — **** — a pair — becoming — an electrode — 31 — ' — 32 — ' — two — a ** — a partition — 
being divided — **** — since — two — a ** — a partition — respectively — separate — being 
controllable — ** — saying — effectiveness — it is . Moreover, since piezo-electric plate 2' is joined by 
both sides of elastic plate 5', compared with the electrostrictive actuator 1 of a configuration of that the 
piezo-electric plate 2 does not spread on one side of an elastic plate 5 like an example 1 , there is 
effectiveness of the ability to make the generating force double like the bimorph to a uni-morph. 
[0054] (The manufacture approach of an example 2) Electrostrictive actuator 1 ' of this example can be 
manufactured by enforcing the manufacture approaches, such as the deformation mode 1 of the manufacture 
approach of the above-mentioned example 1, and the deformation mode 2, to the front flesh side of piezo- 
electric plate 2'. The description of each manufacture approach and the difference in an advantage are the 
same as that of each deformation mode of an example 1. 

[0055] In addition, the alignment of each electrode 31' of the front flesh side of piezo-electric plate 2' and 32' 
is application of the ultra-fine processing technology of integrated circuits, such as LSI, and can be made 
[ easy and ] to a precision. 

(Deformation mode 1 of an example 2) It is possible to divide into each front face of each piezo-electric plate 
2' for every partition, to print and calcinate a conductive paste, to form the conductive metal (for example, 
silver) film, to cover each whole partition, and to replace with the electrode pad of an example 2. That is, in 
this deformation mode, it is possible to use elastic plate 5' and conductive membrane formation of each 
partition as a common electrode, respectively. 

[0056] So, in this deformation mode, 1st community electrode 41' and 2nd community electrode 42' are 
unnecessary, and can simplify a slot formation process. Therefore, according to this strange gestalt of the, 
since conductive membrane formation of each partition also acts as a common electrode, it is effective in the 
possibility of the defective continuity of 1st electrode 31' decreasing in addition to the effectiveness of an 
example 1, and dependability improving. 

[0057] (Deformation mode 2 of an example 2) Although piezo-electric plate 2' was divided into two partitions 
and two-electrodes 31' and 32' were allotted in the example 2, the deformation mode divided into three or 
more partitions may also be possible, and the method of division of a partition may also be concentric 
circular, for example, — an elastic plate — five — ' — a periphery — the section — ** — fixing — having ~ 

- **** — a case — **** — being disc-like — piezo-electricity — a plate — two — ' — inner 
circumference — the section — a periphery — the section — two — a ** — concentric circular — dividing 

both — a partition — one side — another side — reverse — applied voltage — applying — deformation - 

- a mode being possible . In this deformation mode, since it has reverse curvature in the inner 
circumference section and the periphery section, it is effective in both the generating force of an 
electrostrictive actuator and the maximum displacement becoming large. 

[0058] [Example 3] 

(The manufacture approach of an example 3) this invention — an example — three — ****** — an 
electrostrictive actuator — one — " — drawing 1 1 — being shown — as — an elastic plate — five — " — 
one side (or both sides) — joining — having — **** — piezo-electricity — a plate — two — " — a front 
face — a double helix — a pattern — drawing — the — one — an electrode — 31 — " — and — the — 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2007/11/09 



JP,10-144974,A [DETAILED DESCRIPTION] 9/9 ^— V 

two — an electrode — 32 — " — forming — having — **** . Elastic plate 5" is disc-like sheet metal which 
consists of insulating ingredients, such as glass, and the slot of the thickness of this elastic plate 5" in which 
above-mentioned electrode 31" and 32" are mostly held over the whole is formed, the — one — an 
electrode — 31 — " — the — two — an electrode — 32 — " — very — being narrow — predetermined — 
spacing — vacating — mutual — adjoining — forming — having — **** — two electrodes — 31 — " — 32 

— ' — an end — respectively — being disc-like — piezo-electricity — a plate — two — " — a peripheral 
face — predetermined — area — exposing — **** . 

[0059] the elastic plate 5 which adjoins the above-mentioned outcrop — "the electrode pad P of an area 
predetermined to a front face" is formed by vacuum evaporationo thru/or a spatter, etc., respectively, this — 
piezo-electricity — a plate — two — " — a peripheral face — each — an electrode — 31 — " — 32 — " - 

- an outcrop — an electrode — a pad — P — " — conductive resin (or a conductive paste thru/or 
electroconductive glue) — mutual — flowing — **** . The bonding wire thru/or lead wire which is not 
illustrated is connected to electrode pad P." 

[0060] In addition, about the direction of polarization of the piezoelectric material of piezo-electric plate 2", it 
is the same as that of the above-mentioned example 1 and an example 2. 

(The operation effectiveness of an example 3) since whole piezo-electric plate 3' acts by the piezoelectric 
constant d33 of piezoelectric material according to this example, while it can drive by the low battery — the 
uni-morph and bimorph of the conventional technique — comparing — the generating force — doubling — 
max — it is effective in a variation rate improving about several percent. 

[0061] (The manufacture approach of an example 3) Electrostrictive actuator 1" of this example can be 
manufactured by enforcing the manufacture approaches, such as the deformation mode 1 of the manufacture 
approach of the above-mentioned example 1, and the deformation mode 2. The description of each 
manufacture approach and the difference in an advantage are the same as that of each deformation mode of 
the manufacture approach of an example 1. 

(Deformation mode of an example 3) Also in this example, like an example 2, elastic plate 5" is formed with 
conductive spring spring materials, such as stainless steel, and each electrode 31" and the deformation mode 
in which 32" is formed by turns in the shape of [ of a comb ] a gear tooth from both sides of piezo-electric 
plate 2" are possible, a book — deformation — a mode — if — piezo-electricity — a plate — two — " — a 
rear face — electroconductive glue — conductivity — an elastic plate — five — " — joining — having — 
**** — piezo-electricity — a plate — two — " — a front face — the whole — **** — conductivity — the 
film — forming — having — **** . And elastic plate 5" and the conductive film have flowed with each 
electrode 31" and 32", respectively, and lead wire thru/or a bonding wire are connected to each of elastic 
plate 5" and the conductive film. So, electrode pad P" is unnecessary in this strange gestalt of the. Here, the 
conductive film can be formed by approaches, such as printing and baking of a conductive paste, vacuum 
evaporationo, CVD, and a spatter. 

[0062] According to this strange gestalt of the, elastic plate 5" and the conductive film carry out each 
electrode 31" and an operation of whole 32" and the common electrode which has flowed, respectively. So, 
according to this strange gestalt of the, the circuit of a drive power source, electrode 31" and 32", and 
defective continuity of a between cannot happen easily, and since it is satisfactory even if 32" is 
disconnected on the way, there are electrode 31" and effectiveness that dependability improves, rather than 
an example 3. 

[0063] In addition, this strange gestalt's of the electrostrictive actuator 1 " can be manufactured by the 
manufacture approach of an example 2, and the same manufacture approach. Moreover, the alignment of 
each electrode 31" of the front flesh side of piezo-electric plate 2' and 32" is application of the ultra-fine 
processing technology of integrated circuits, such as LSI, and can be made [ easy and ] to a precision. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawi ng 1] The perspective view showing the configuration of the electrostrictive actuator as an example 1 
[ Drawin g 2] The sectional view showing the configuration of the electrostrictive actuator as an example 1 
[Drawing 3] The sectional view showing the direction of polarization and two electrodes of a piezo-electric 
plate of an example 1 

[Drawing 4] The group Fig. showing an operation of the electrostrictive actuator as an example 1 

(a) The sectional view showing the configuration in the condition that there is no applied voltage 

(b) The sectional view showing the configuration in the condition that there is applied voltage 

[Drawing 5] The perspective view showing connection of the lead wire to the electrostrictive actuator of an 
example 1 

[ Drawin g 6] The mimetic diagram showing the slot formation process by laser beam machining 
[Dra win g 7] The mimetic diagram showing the slot formation process by reactive-ion-etching processing 
[Drawing 8] The perspective view showing the configuration of the electrostrictive actuator as an example 2 
[Drawing 9] The sectional view showing the configuration of the electrostrictive actuator as an example 2 
[Drawing 10] The group Fig. showing an operation of the electrostrictive actuator as an example 2 

(a) The sectional view showing the configuration in the condition that there is no applied voltage 

(b) The sectional view showing the configuration in the condition that there is applied voltage partially 

(c) The sectional view showing the configuration in the condition that there is applied voltage extensively 
[DrawingjM] The perspective view showing the configuration of the electrostrictive actuator as an example 3 

[Drawing 12] The perspective view showing the configuration of the piezo-electric uni-morph as a 
conventional technique 

[Drawing 13] The group Fig. showing an operation of the piezo-electric uni-morph as a conventional 
technique 

(a) The sectional view showing the configuration in the condition that there is no applied voltage 

(b) The sectional view showing the configuration in the condition that there is applied voltage 
[Description of Notations] 

1 , 1 ', 1": Electrostrictive actuator 

2, 2', 2": Piezo-electric plate 2a, a 2a':slot 

31, 31', and 31 ": — the 1st — electrode 32, 32', and 32": — the 2nd electrode 

41 and 41': — common to the 1st — electrode 42 and 42': — the — 2 common electrodes 

5, 5', 5": Elastic plate 

6, 6':switch 7, T: Drive power source (comparatively low battery) 8: Earth wire 
9: Pure water 10: Infrared laser 11: Laser condensing optical system 

12: Electrode substrate 13: Vacuum chamber 14: Magnetic field coil 

15: RF generator 16: Evacuation system 17: Plasma 

d31, d33: Piezoelectric constant L: Lead wire P, P': Electrode pad 

PI: Piezo-electric uni-morph (conventional technique) 

P2: Piezo-electric plate P3: Electrode P5: Disc-like elastic plate 

P6: Switch P7: Drive power source (comparatively high voltage) 
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